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Purpose: To determine the effect of the cement type and abutment material on the tensile strength 
required to dislodge zirconia copings . 
Material and methods: Two experimental groups of abutments were prepared: (1) titanium abutments 
(n=30), and (2) zirconia abutments (n=30). Sixty zirconia copings (custom designed) were fabricated 
using three-dimensional computer assisted design to have a 6 mm projection above the abutment to 
accommodate a hole, through which a wire was inserted to attach the zirconia coping to a universal 
testing machine. Each abutment was placed onto an implant analogue embedded in acrylic resin blocks to 
fit onto the universal testing machine. The zirconia copings were cemented onto the abutments with a 
provisional luting agent, zinc phosphate cement, and adhesive resin cement, and after 5500 thermocycles 
a tensile force was applied at a crosshead speed of 0.5 mm/min. The removal force was recorded for each 
specimen. Two-way ANOVA and one-way ANOVA were used for the statistical analysis  
(p < .05). 
Results: The mean forces necessary to remove the zirconia copings from titanium abutments were 6.52, 
83.09, and 251.18 N for temporary cement, zinc phosphate cement, and resin cement. For zirconia 
abutments, the required forces were 17.82, 116.41, and 248.72 N. 
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Osseointegrated implants are a popular option for the restoration of the edentulous areas. In implant 
therapy, titanium has been the dominant implant and abutment material, and long-term clinical studies on 
titanium have made the outcomes predictable.1 Currently, titanium abutments are considered the gold 
standard for longevity in implant-borne reconstructions in all regions of the jaw. However, this 
technology offers many esthetic disadvantages. For example, the use of conventional prefabricated or 
custom titanium abutments can decrease the translucency of a porcelain restoration,2,3 resulting in a 
darker restoration compared with adjacent natural teeth. In addition, titanium abutments can produce a 
dark grey metallic hue at the gingival margin of the restoration. This may be most evident in patients with 
a high smile line or with thin gingival tissues. Such poor esthetic outcomes can often make patients 
unhappy.  
 
To solve this problem, zirconia has been used for abutment manufacturing.4-6 The good mechanical 
properties and biological compatibility of zirconia (zirconium dioxide) have led to its increased use for 
various dental applications.7,8 A number of advantages of ceramics over metal abutments have been 
reported in the literature: less mucosal discoloration,9 less adhesion of bacteria,10 very low or no 
cytotoxicity as measured in vitro human gingival fibroblast,11 and mucosal attachment to zirconia that is 
as good as that to titanium, according to an animal study.12 The three-year results from a randomized 
controlled clinical trial comparing customized zirconia and titanium abutments showed no difference in 
outcome from technical, biological, or esthetic points of view.13  
 
Zirconia is a polymorphic material with four different crystalline structures. At room temperature, pure 
zirconia exists in a monoclinic form. The addition of stabilizing oxides to pure zirconia generates a 
multiphase structure, designated as the metastable tetragonal phase. This phase has good mechanical 
properties, and stabilized zirconia will display a toughening transformation to this phase under stress. The 
transformation from the tetragonal to the monoclinic phase is associated with a 3% to 4% localized 
volume expansion that induces counteracting compressive stresses in compromised areas.14 Besides these 
favorable mechanical properties, it has also been proposed that zirconia accumulates dental plaque to a 
lesser extent than titanium.1,15 
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The mechanical and biological properties of zirconia abutments, such as their fracture resistance, peri-
implant soft tissue response, plaque accumulation or bacterial attachment onto the abutment, and implant-
abutment connection, have all been well studied. Zirconia abutments have a very high fracture resistance 
that is only slightly lower than that of titanium. Studies have shown that zirconia abutments can function 
up to 4 years without mechanical problems in the anterior region, and zirconia is as suitable for abutments 
as titanium in terms of biocompatibility. The biological and mechanical properties of zirconia abutments 
thus make it as applicable as titanium.1 On the other hand, zirconia has different mechanical and physical 
properties than standard titanium implant abutments, and meticulous attention to numerous factors is 
required to achieve optimal results with zirconia implant abutments. One of the most important factors 
that can directly affect is performance is the abutment design.16 
 
Prefabricated zirconia abutments are used either at the time of implant placement or later in the delayed 
loading protocol. Placing an abutment at the time of implant surgery and never removing it may help 
reduce the loss of crestal bone due to microgaps.17 In a systematic review, the 5-year survival rates of 
ceramic and metal abutment were estimated as 99.1% and 97.1%. The corresponding rates for technical 
complications were estimated as 6.9% for ceramic abutments and 15.9% for metal abutments. The most 
frequent complication was loosening of the abutment screw, which occurred in 5.1% of patients.18 The 
strengths of titanium and ceramic abutments have been tested with load-to-fracture tests and compared 
with the maximum occlusal force to determine their survival rates.17,19-22 The fracture strength of zirconia 
abutments (294 ± 53 N) was found to be significantly higher than that of alumina abutments (239 ± 83 
N).19 
 
Various ceramic materials are used to produce restorations with better esthetic properties in the anterior 
region, but zirconia is the most popular material for implant-retained restorations because of its strength 
and esthetic properties. The behaviors of the permanent and provisional luting agents used in cementation 
of implant-supported prostheses differ from the behavior of the agents used in cementation on natural 
teeth.23 In particular, water-based cements such as zinc phosphate, zinc polycarboxylate, and glass 
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ionomer cements have shown a wide variety of retention values.23-25 Some authors have suggested the use 
of permanent cements for luting single-unit restorations and provisional cements for luting multi-unit 
implant-supported restorations,26,27 because provisional cements are recommended for restorations that 
may require intervention whereas more retentive cements such as resin cement are more appropriate when 
future retrieval is not necessary.28,29  
 
There have been some studies on the retention of zirconia copings on titanium abutments, but there is not 
enough information about the retention of zirconia copings onto zirconia abutments.30-32 Therefore, the 
objective of this study is to evaluate the resistance to dislodgement of zirconia copings cemented onto 
zirconia and titanium abutments. The null hypotheses are that neither abutment type nor cement type 
affect the retention of zirconia copings.  
 
MATERIAL AND METHODS  
 
Experimental design 
Sixty titanium fixtures were embedded in sixty resin molds to mimic osseointegrated implants. The 
embedded implants were then randomly divided into two groups. Afterward, the specimens in group A 
(n=30) were connected to titanium abutments (Straumann RC Anatomic abutment, straight titanium), and 
specimens in group B (n=30) were connected to zirconia abutments (Straumann RC anatomic IPS emax 
abutment, straight, Zirconium dioxide) (Fig. 1). 
 
Sixty zirconia copings were fabricated using the CAD/CAM process with standard external dimensions. 
Each coping was modified to accommodate attachment of the testing device. The copings had a 6 mm 
height above the abutment to provide enough space to drill a hole with diamond rotary instrument. With 
this hole, copings were connected by wire to the upper member of the universal testing machine.  
 
Three types of cement were evaluated: (1) zinc phosphate cement (ZP) permanent cement (Adheso; 
SpofaDental), (2) zinc oxide eugenol (ZOE) provisional cement (TempBond; Kerr Corporation), and (3) 
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adhesive resin cement (RC) (Clearfil SA Cement; Kuraray Medical Inc.) (Table I). Luting cements were 
prepared according to the manufacturer’s instructions. The copings were seated onto the abutments and 
loaded by compression at 20 N for 10 minutes (Fig. 2). Excess cement was removed from the abutment-
coping junction, and the specimens were stored in distilled water at 37°C for 24 hours. In addition, all 
groups were thermocycled 5500 times between 5 and 55°C with a dwell time of 30 seconds.   
 
Mechanical test 
Specimens were tested under tension using a universal testing machine. The removal force was applied 
along the long axis of the specimens by applying a tensile force sufficient to dislodge the coping from the 
abutment using a tensile or pull load with a crosshead speed of 0.5 mm/min (Fig. 3).  
 
Statistical analysis 
The mean parameters of each group were analyzed using descriptive analysis and two-way analysis of 
variance (ANOVA; Statistix 8.0 for Windows, Analytical Software Inc. Tallahassee, FL, USA), followed 
by one-way ANOVA to determine statistically significant differences among the 3 different cements. In 
all tests, p values less than 0.05 are considered to be statistically significant.  
 
RESULTS 
 
The mean retention values and standard deviations are summarized in Fig. 4 for titanium and zirconia 
abutments for the three kinds of cement. The p values obtained in the statistical evaluation are listed in 
Table II. Two-way ANOVA was performed to evaluate the differences in retention between titanium and 
zirconia abutments. There were no significant differences between the two abutment materials.  
 
The maximum retentive force data were obtained with RC, followed by ZP and then ZOE for both the 
titanium and zirconia abutments. The one-way ANOVA test showed that there were significant 
differences among three cement types (Table III). The mean forces necessary to remove the zirconia 
copings from the titanium abutments were 6.52, 83.09, and 251.18 N for temporary cement, zinc 
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phosphate cement, and resin cement for the zirconia abutment, the required forces were 17.82, 116.41, 
and 248.72 N. 
 
DISCUSSION 
 
The data obtained in this study support rejecting the null hypothesis that cement type does not affect the 
retention of zirconia copings. However, the null hypothesis that abutment type does not affect the 
retention of zirconia copings is accepted. In this study, the retention was significantly influenced by the 
cement type. The adhesive resin showed a significantly higher retention than zinc phosphate and 
temporary cement, and no significant difference was found between the two abutment materials. These 
results are in agreement with those of Ernst et al,33 who found that composite resin cement demonstrated 
the highest median retentive strength. Similarly, Uo et al34 evaluated the shear bond strengths between 
conventional or adhesive cements and zirconia ceramic and found that phosphate-modified composite 
resin cements achieved significantly higher bond strengths than conventional cements.  
 
In the present study, zirconia copings were cemented onto standard zirconia and titanium abutments, and 
the retention values of different cements were compared after thermocycling. Since the aim of the present 
study was to compare the effects of the cement type and the abutment material on retention of zirconia 
copings, no surface treatment was applied on the abutment materials, and the effect of the height of the 
abutments was not evaluated. On the other hand there are many factors that affect the retention, as 
follows:35the degree of the taper of the abutment, the height of the abutment, the roughness of abutment’s 
surface, the surface texture (metal or ceramic), the fit of the crown on the abutment, the type of cement, 
the mixing ratio of the cement, the cement layer thickness, thermal cycles, the type of dislodging force 
impulses. 
 
The influence of the degree of the taper, the height of the abutment, the thermal cycles, and surface 
roughness have been investigated by many authors.36,37 Recently, some reports have shown that the bond 
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strength of zirconium oxide ceramics can be improved only by airborne-particle abrasion for the ceramic 
surface and the use of a composite resin cement containing an adhesive phosphate monomer.38-41  
 
Nejatidanesh et al evaluated the effects of different surface-treatment methods on the removal force of 
implant-supported zirconium oxide copings on short abutments, and they found that silicoating can 
improve the retentive value of zirconia copings more than Al2O3 airborne-particle abrasion.42 Abbo et al 
determined the effect of the height of a titanium abutment on the force required to dislodge a luted 
zirconia coping and found that a larger height of the tested abutment significantly increased the resistance 
to removal of the zirconia coping.30 
 
Kokubo et al43 measured and compared the retentive force of zirconia-based all-ceramic crowns 
cemented on zirconia abutments using five provisional luting agents named Hybond temporary cement 
hard (Hard), Hybond temporary cement soft (Soft), experimental temporary cement (New), TempBond 
NE (Temp), and Freegenol temporary pack (Pack). They also evaluated the effect of sandblasting and 
thermocycling on the retentive force. They found that Hard showed the highest retentive force and that 
sandblasting was effective for improving the durability of bonds formed using Hard. However, no effect 
of sandblasting was detected for the other luting agents. New showed a stable retentive force even after 
thermocycling. The retentive force of Temp and Pack decreased significantly after thermocycling even 
with sandblasting. Their retentive forces were different from that of  the provisional cement and after 
sandblasting, and Temp and Pack may not be appropriate for the retention of single-tooth zirconia 
abutments and coping restorations. Finally, Ebert et al44 evaluated the retention of a zirconia coping 
bonded to a titanium abutment and concluded that the surface conditioning methods and the size of the 
luting gaps have a significant influence on the retention.  
 
A perfect luting agent for implant restorations should allow dentists to vary the retentiveness of the 
cement depending on the clinical situation. In some situations, retrievability is indicated, while in other 
clinical situations a permanent fixation will be the best option. Furthermore, a perfect implant luting agent 
should be easily and completely removable from the abutment or restoration surface.  
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According Farahnaz et al,25 the most retentive luting agent is a resin-modified glass ionomer cement, but 
they found no significant difference between the resin-modified glass ionomer cement and Panavia 2.0, 
zinc phosphate, and zinc polycarboxylate cements. These definitive cements are recommended for luting 
single-unit implant-supported metal restorations. The temporary and glass ionomer cements were the least 
retentive cements and might not be suitable for luting single-unit implant-supported restorations.25 
 
Singer et al45 reported clinical success with the use of provisional luting agents for implant restorations. 
These restorations were superior to screw-retained implant prostheses, but cement washouts were 
observed in all cases within the first year of service in the posterior region.  
 
To understand the retention of the zirconia copings cemented onto zirconia and titanium abutments, 
different surface treatment protocols, different heights and degrees of taper of the abutment, different 
aging procedures, and different cement layer thickness should also be evaluated in the future. 
 
CONCLUSIONS 
 
1. The choice of zirconia or titanium abutment material has no effect on retention. 
2. The cement type affects the retention of the zirconia copings. Resin cement has a higher retention 
value than temporary cement and zinc phosphate cement on both titanium and zirconia abutments.  
 
CLINICAL IMPLICATIONS 
The results in this study will inform the appropriate choice of cement for zirconia restorations on zirconia 
or titanium abutments. The adhesive resin showed a significantly higher retention than zinc phosphate 
and temporary cement, which makes it more appropriate for permanent restorations.  
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